We studied the growth performance and biochemical composition (including soluble carbohydrates, proteins, lipids, phenols, chlorophyll-a, carotenoid and the C/N-ratio) of Nannochloropsis oceanica under various CO 2 concentrations. The cell density of N. oceanic increased with a rise in CO 2 concentration and got the high level at a CO 2 concentration of 1000ppm or 1500ppm. In addition, except the proteins all tested biochemical composition were significantly affected by CO 2 concentration (0.01 <P< 0.05; one factorial ANOVA). However comparing with other biochemical components, the contents of phenols in N. oceanic showed the opposite trends (P<0.01; one factorial ANOVA). In general, the short-term stimulation of elevated CO 2 concentration to N. oceanic can promote cell division and synthesis of most of biochemical components (expect proteins and phenols).
INTRODUCTION
Recently, the anthropogenically driven increase in atmospheric CO2 concentration caused ocean acidification because of the rapid CO2 absorption by seawater [1] . Significant effects on marine microalgae life history, ecology and physiology because of ocean acidification have been examined broadly [2] [3] . Positive and negative effects of ocean acidification on marine microalgae have been reported [4] [5] [6] Moreover, the metabolic products of algal cells were also influenced by ocean acidification, which could have ramifications for production of higher tropic levels and affect the efficiency of nutrition transmission [7] .The marine microalga Nannochloropsis (Eustigmatophyceae) has been the subjects of many studies, because it exhibits high photosynthesis efficiency, unsaturated fatty acid productivity, growth rates, and a large range of tolerance for mutative environment [8] . In this study, we investigated physiological response of Nannochloropsisunder ocean acidification, which will help to acquire the knowledge of the growth conditions and metabolic products of algal cells, which may affect the nutrition transmission of higher tropic levels.
MATERIALS AND METHODS

Algal Strains and Culture Conditions
N.oceanica was provided by the laboratory of phycology, Yellow sea fisheries research institute, Chinese academy of fishery science. The cells were cultured in filtered (0.22μm) seawater, amended with f/2 nutrients. Aeration was provided with ambient air of 400 ppm CO2 (set as control) or with air enriched with CO2 to 700ppm, 1000ppm, 1500ppm, 2000ppm (set as different future emission scenario). Stock cultures were maintained at 20ºC under 120μmol photons m-2s-1 and a 12:12 light: dark cycle.
Cell growth, Chlorophyll-a and Carotenoid Determination
Cell density was measured by spectrophotometer at the absorbance of 680nm (A680).Cell density on day 0 was set to an A680 of 0.1. Cell density was measured every 2 days. All A680 data indicated the average value of n = 3 with the standard deviation. Chlorophyll-a and carotenoid measurement fresh algal cells on sixth day collected in a 2ml centrifuge tube from 2ml cultivated broth by centrifuge were disrupted in an ultrasonic bath in ice bath for 45 min and extracted with 2 ml 95% ethanol overnight in 4ºC. The extractant was centrifuged at 3,000×g for 5 min. The contents of chlorophyll-a and carotenoid was determined spectrophotometrically based on the followed equation:
(1)
A664.2, A648.6 and A470 represent absorbance of the methanol extracts at 664.2, 648.6 and 470 nm, respectively [9] .
Biochemical Composition
Fresh algal material cultured in the ninth day was centrifuged at 3,000×g for 5 min, rinsed with ultrapure water to remove salt. Samples for biochemical composition were freeze dried, milled in liquid nitrogen within minutes. Subsamples of the homogenates were analyzed for their biochemical compositions. Soluble carbohydrates were extracted from 0.1 g freeze-dried algae powder in distilled water at 100ºCfor 10min, and quantified by Anthronecolorimetry [10] , using glucose as standard. Carbohydrates are then expressed as glucose equivalents. Total protein extraction process was extracted from 0.1g freeze-dried material homogenized in physiological saline using the method described by reference [11] . Protein concentration was determined by the BCA assay [12] , using serum protein as standard. Total lipids were quantified by the sulfo-phospho-vanillin method [13] using cholesterol as standard. Method of determination of phenols was standard analytical method using Folin-Denis [14] C/N ratios were measured simultaneously with a Thermo/Finnigan MAT isotope ratio mass spectrometer, coupled to a Thermo Flash elemental analyzer via a Thermo interface. Before this process, samples were milled with liquid nitrogen and exposed to HClvapor for 4h at 20ºC in an extractor to remove inorganic C .
Homogeneity of variances was confirmed using the Shapiro-Wilk normality test (P<0.05). One-way-ANOVA was performed using the R version 3.3.2 program.
RESULTS AND DISCUSSION
Growth Performance under Different CO 2 Concentrations
Growth curves of N. oceanica cultured under various CO2 concentrations were shown in Figure 1 . It was obviously that the cell density of N. oceanica increased with a rise in CO2 concentration. In particular, the cell density of N. oceanicagot the high level at a CO2 concentration of 1000ppm or 1500ppm. In addition, when the CO2 concentration was excessive, the cell density of N. oceanica began to decline, but it was still greater than that at a CO2 concentration of 400ppm. And when the CO2 concentration increased from 400ppm to 1000ppm, the amplitude of increase in cell density was far greater than that when the CO2 concentration increased from 1000ppm to 1500ppm. These results show that algal density enhanced with an increase of CO2concentration, but excessive CO2 concentration can cause stress to cells. The results indicated that moderate elevated pCO2 has positive effect onN. oceanica, which is consistent with the results found in other phytoplankton [15] . However, when the CO2 concentration is higher than a certain concentration, it will damage cellular structure and physiological functions [16] .
Biochemical Composition under Different CO 2 Concentrations
The changes of the biochemical composition of N. oceanica by various CO2 concentrations were shown in Figure 2 . Except the total protein all tested biochemical compositions of N. oceanica were significantly affected by CO2 concentration (Figure 2 ; 0.01 <P< 0.05; one factorial ANOVA). In general, the contents of soluble carbohydrates, lipids, chlorophyll-a, carotenoid and the C/Nratios of N. oceanica increased with a rise in CO2 concentration (Figure 2 A, D, E,  F) . But when the CO2 concentration was 2000ppm, the contents of soluble carbohydrates, lipids, chlorophyll-a, and the C/N-ratios of N. oceanica began todecline (Figure 2 A, D, E, F) . Whereas the contents of phenols showed the opposite trends compared with contents of other components (Figure 2 C; P<0.01; one factorial ANOVA). There were significant relationships in the six tested parameters, although there changes were not always consistent. As one of the main products of carbon assimilation, soluble carbohydrates can be affected by the change of CO 2 concentration. It is reported that in another marine phytoplankton elevated CO 2 concentration was unchanged contents of soluble carbohydrates [17] or decreased amounts of carbohydrates [18] . Moreover, in our study, it was shown in N.oceanica that moderately elevated CO 2 concentration can increase the contents of soluble carbohydrates. This may be due to different mechanism being carried out in the different species. Protein is the main storage form of nitrogen in microalgae cells and along with soluble carbohydrates are the main factors that affect carbon and nitrogen balance (C/N ratio). As previous report that in some red and green macroalgae species elevated CO 2 concentration can decrease the content of proteins or N-content [19] [20] [21] or increase the algal proteins in another marine phytoplankton [17] . It was obviously shown in our study that elevated CO 2 concentration was unchanged contents of proteins in N. oceanica. At the same time, the behavior of C/N ratio in N.oceanica was enhanced by increased CO 2 concentration in agreement with the contents of soluble carbohydrates and proteins. The contents of pigments including chlorophyll-a and carotenoid have nearly the same trend with growth performance. It is possible that the increase in photosynthetic pigments may be used to promote growth by promoting photosynthesis. N. oceanica has been studied a lot in the field of marine biotechnology because of its high lipid content. The previous study shown that the increasing CO 2 concentration could enhance the lipid production of N. oceanica [22] , which was correlated with our results. Moderately elevated CO 2 concentration can increase the contents of lipids. Furthermore, when the CO 2 concentration was 1000ppm and 1500ppm, the contents of lipids were extremely significantly different, (P< 0.01; one factorial ANOVA) compared with the present CO 2 concentration. At last but not least, the content of phenols was shows the opposite trends compared with another biochemical composition. When the CO 2 concentration increased from 400ppm to 700ppm, the content of phenols was significant decrease. While, when CO 2 concentration was more than a certain concentration (1500ppm), the production of antioxidant phenols was beginning rise ( Figure 2E ). Jin et al. [7] also reported that a novel phenolic compound metabolism pathway for coccolithophore involving boxidation and the Krebs cycle was enhanced at 1000ppm CO 2 concentration. It is possible that the excessive CO 2 leads to the overload of hydroxyl radicals in the cells. To protect the cells, a large amount of phenols were synthesized to remove hydroxyl radicals. Conclusively, the response of marine microalgae to changing CO 2 concentration appears to be species specific and the stress response of N. oceanicaat various CO 2 concentration may be different from that of long-term domestication which is needed to investigate by further studies.
